Background: This analysis was carried out to refine the CHADS 2 and CHA 2 DS 2 VASc scores by combining creatinine clearance (CrCl) and glomerular filtration rate (GFR) and evaluate the performance of CrCl-based and GFR-based schemes in death risk stratification of Chinese older patients with atrial fibrillation (AF). Methods: There were 219 older patients with AF, and all-cause mortality was assessed during the follow-up of 1.11 years. Renal function was evaluated using the CrCl formula and different GFR ( formulas, and five kinds of R 2 CHADS 2 and R 2 CHA 2 DS 2 VASc schemes were generated by combining CrCl and GFR with CHADS 2 and CHA 2 DS 2 VASc scores. Results: In Cox regression multivariate analysis, CrCl ,60 mL/min was moderately associated with death risk (P=0.122 and P=0.144). When MDRD, CMDRD, CKD-EPI and Mayo formulas were used to ascertain the GFR, GFR ,60 mL/min/1.73 m 2 was significantly associated with death risk (P,0.001 for all). In the models with CHADS 2 and CHA 2 DS 2 VASc scores as the linear covariates, CrCl and GFR as the continuous variables were significantly associated with death risk (P,0.05 for all). C-statistics of CrCl-based schemes -R 2(CrCl) CHADS 2 and R 2(CrCl) CHA 2 DS 2 VASc -moderately exceeded that of CHADS 2 and CHA 2 DS 2 VASc scores (P=0.081 and 0.082). C-statistics of GFR-based schemes -R 2(GFR) CHADS 2 and R 2(GFR) CHA 2 DS 2 VAScsignificantly exceeded that of CHADS 2 and CHA 2 DS 2 VASc scores (P,0.05 for all). Conclusion: Chinese older patients with AF with lower levels of GFR and GFR ,60 mL/min/ 1.73 m 2 had a significantly high death risk, and those with lower levels of CrCl or
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Fu et al death risk in patients with AF, and some researchers like Nakagawa et al have successfully applied the CHADS 2 score, commonly used for assessing the thromboembolic events, to effective stratification of death risk in patients with AF. 4 Although this transition has an important value for clinical practice, the currently available schemes, such as CHADS 2 and CHA 2 DS 2 VASc scores, are largely derived from dated populations and have a limited discriminatory ability. 5, 6 Renal function has emerged as a risk factor for mortality in patients with AF, and thus, Piccini et al has made attempts to combine creatinine clearance (CrCl) with the CHADS 2 score. However, as a standard index of renal function, glomerular filtration rate (GFR) has not been systematically analyzed in the clinical studies, and nobody knows if it is appropriate or even better to combine GFR with these schemes, including CHADS 2 and CHA 2 DS 2 VASc scores. 7 Moreover, ongoing validations of these schemes in other populations with AF from different ethnic and age groups will confirm their true value. The objectives of this analysis were to refine the CHADS 2 and CHA 2 DS 2 VASc scores by combining not only CrCl but also GFR and evaluate the performance of new CrCl-based and GFR-based schemes in death risk stratification of Chinese older patients with AF.
Methods
study participants
The current analysis was made up of 219 patients older than 60 years with AF. All of them had the medical history, clinical symptoms and electrocardiograph records showing AF. The Chinese People's Liberation Army General Hospital was their designated hospital and had their integrated longterm medical and final death records, which made it easier for us to follow up these patients effectively and judge the end point accurately. The study protocol was approved by ethics committee of the Chinese People's Liberation Army General Hospital (Beijing, China). Each participant provided written informed consent to be included in the study.
Risk stratification schemes
CHADS 2 score awards 1 point each for the presence of congestive heart failure, hypertension, age $75 years and diabetes mellitus and 2 points for prior stroke or transient ischemic attack (TIA). CHA 2 DS 2 VASc score awards 1 point each for the presence of congestive heart failure, hypertension, vascular diseases, diabetes mellitus and female sex; 2 points for prior stroke or TIA and 0, 1 or 2 points depending on age. For each patient, the current analysis obtained the additional risk schemes by combining the CHADS 2 and CHA 2 DS 2 VASc scores with an additional 2 points for CrCl ,60 mL/min and GFR ,60 mL/min/1.73 m 2 and designated them as R 2 CHADS 2 and R 2 CHA 2 DS 2 VASc schemes.
Risk factor definition
Patients with mean systolic blood pressure $140 mmHg, mean diastolic blood pressure $90 mmHg or medications for the treatment of hypertension were defined as having hypertension. Mean systolic and diastolic blood pressures were taken as the average of five separate measurements. Patients with fasting glucose concentration $7.0 mmol/L or treatment with oral hypoglycemic agents/insulins were defined as having diabetes mellitus. Standard echocardiogram was performed, and left ventricular ejection fraction was measured by the Simpson's method. 8 Stroke was defined as the new, sudden focal neurological deficit resulting from a presumed cerebrovascular cause that persisted .24 hours rather than other identifiable causes such as tumor or seizure. Events that involved the symptoms that lasted ,24 hours were considered as TIA. Myocardial infarction and peripheral artery disease were combined as a single variable termed vascular diseases. Serum creatinine concentration was measured using an enzymatic method, and the calibration formula of Jaffe's kinetic method was as follows: The enzymatic method of serum creatinine was used in the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) formula, and the Jaffe's kinetic method of serum creatinine was used in the other four formulas. CrCl and GFR of all participants were evaluated with different formulas as follows:
• Cockcroft-Gault formula: 10 CrCl age years weight kg 
end point ascertainment
Given the priority of all-cause mortality in the outcome studies, as well as the high prevalence of multiple organ failure in the elderly, the primary end point in the current analysis was all-cause mortality. The current analysis performed the follow-up to assess the all-cause mortality during the mean time of 1.11 years (406 days; median: 313 days; interquartile range: 199-532 days) and had the survival status for all these patients. Death was determined from death records, a legal document including time, site and other information.
statistical analysis
Baseline characteristics were summarized as frequencies for categorical variables and median values with interquartile range for continuous variables. Cox regression model was used to explore whether renal function is a significant factor associated with death risk after adjusting for CHADS 2 and CHA 2 DS 2 VASc scores or their components during the follow-up. C-statistic was calculated to assess the discriminatory ability of these schemes for primary outcome. Twosided P-value ,0.05 was considered significant. Statistics analysis was performed using Statistical Package for the Social Sciences version 17 (SPSS Inc., Chicago, IL, USA) and MedCalc 11.6 for Windows (MedCalc Software bvba, Mariakerke, Belgium).
Results
For all patients, median age was 86 years, median CHADS 2 score was 3.0 and median CHA 2 DS 2 VASc score was 4.0; 14.6% of patients were female. Over the median follow-up of 1.11 years, 24.2% of patients died. Baseline characteristics of all patients according to death occurrence are shown in Table 1 .
In Cox regression univariate analysis (Table 2) , not only lower levels of CrCl, MDRD-GFR, CMDRD-GFR, EPI-GFR and Mayo-GFR but also CrCl ,60 mL/min, MDRD-GFR ,60 mL/min/1.73 m 2 , CMDRD-GFR ,60 mL/ min/1.73 m 2 , EPI-GFR ,60 mL/min/1.73 m 2 and Mayo-GFR ,60 mL/min/1.73 m 2 were significantly associated with death risk (P,0.05 for all). After accounting for all the factors that constituted the CHADS 2 and CHA 2 DS 2 VASc scores in the Cox regression multivariate analysis, CrCl ,60 mL/min was modestly associated with death risk (P=0.122 and P=0.144). When MDRD, CMDRD, CKD-EPI and Mayo formulas were used to ascertain the GFR, GFR ,60 mL/min/1.73 m 2 was significantly associated with death risk after adjusting for the components of CHADS 2 and CHA 2 DS 2 VASc scores (P,0.001 for all). In the models developed with CHADS 2 and CHA 2 DS 2 VASc scores used as the linear covariates, CrCl, MDRD-GFR, CMDRD-GFR, EPI-GFR and Mayo-GFR as the continuous variables were significantly associated with death risk (P,0.05 for all).
As provided in Table 3 
Discussion
As a frequent arrhythmia in clinical practice, AF increases in prevalence with age and accounts for an increased death risk. [1] [2] [3] Nakagawa et al have manifested that impaired renal function was related to an increased mortality among 387 Japanese patients with AF. 4 The current analysis validated that GFR as the continuous variable and GFR ,60 mL/min/1.73 m 2 were significantly and independently associated with death risk, whereas the CrCl as the continuous variable or CrCl ,60 mL/min was significantly or modestly associated with death risk during the follow-up of older patients with AF. Meanwhile, the current analysis evaluated the renal function with not only the CrCl formula but also different GFR formulas and refined five different kinds of R 2 Notes: ChADs 2 : risk stratification system that awards 1 point each for the presence of congestive heart failure, hypertension, age $75 years and diabetes mellitus and 2 points for prior stroke or TIA; ChA 2 Ds 2 VASc: risk stratification system that awards 1 point each for the presence of congestive heart failure, hypertension, vascular diseases, diabetes mellitus and female sex, 2 points for prior stroke or TIA and 0, 1 or 2 points depending on age. How to implement the effective stratification of death risk and accordingly decrease the death risk in patients with AF are of great concern. Various clinical factors have the ability to predict the death risk. However, there was no reliable schema developed for stratifying the death risk in patients with AF, and some researchers like Nakagawa et al have successfully applied the CHADS 2 score, generally used for appraising the thromboembolic likelihood, to stratifying the death risk in patients with AF. 4 This transition had an important value for clinical practice, but the current schemes including the CHADS 2 and CHA 2 DS 2 VASc scores have a limited discriminatory ability. 5, 6 Renal function is a powerful risk factor for mortality in patients with AF, and thus, Piccini et al have made attempts to combine CrCl with the CHADS 2 score. However, as a standard index of renal function, GFR has not been adequately assessed, and nobody knows if it is appropriate or even better to combine GFR with these scoring systems (CHADS 2 and CHA 2 DS 2 VASc scores). 7 The current analysis certified that GFR-based schemes -R 2(GFR) CHADS 2 and R 2(GFR) CHA 2 DS 2 VASc -refined by four different formula-calculated GFR provided a significant improvement of predictive ability for death risk in older patients with AF, but with the addition of CrCl to CHADS 2 and CHA 2 DS 2 VASc scores -R 2(CrCl) CHADS 2 and R 2(CrCl) CHA 2 DS 2 VASc, there was only a modest improvement in death risk stratification.
We are unaware of other published studies that have used GFR to refine the CHADS 2 and CHA 2 DS 2 VASc scores and verified that GFR-based schemes performed better than original versions in death risk stratification of Chinese older patients with AF.
The current analysis has some limitations. First, as the current analysis was made up of 219 Chinese older patients with AF, to validate the current conclusion in a larger study population will be more valuable and very necessary. Second, due to the priority of all-cause mortality in the outcome studies, as well as the high prevalence of multiple organ failure in the elderly, all-cause mortality rather than cardiovascular/stroke-related mortality was considered in the current analysis.
Conclusion
The current analysis confirmed that Chinese older patients with AF with lower levels of GFR and GFR ,60 mL/min/ 1.73 m 2 had a significantly high death risk and those with lower levels of CrCl or CrCl ,60 mL/min had a significantly or modestly high death risk. To aid the death risk scoring, the current analysis evaluated the renal function using not only CrCl formula but also different GFR formulas and then generated five different kinds of R 2 CHADS 2 and R 2 CHA 2 DS 2 VASc schemes by combining CrCl and GFR with CHADS 2 and CHA 2 DS 2 VASc scores. Meanwhile, the current analysis provided evidence for the significantly better performance of GFR-based schemes -R 2(GFR) CHADS 2 
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Fu et al and R 2(GFR) CHA 2 DS 2 VASc -and the moderately better performance of CrCl-based schemes -R 2(CrCl) CHADS 2 and R 2(CrCl) CHA 2 DS 2 VASc -in death risk stratification compared with other published schemes without considering renal function (CHADS 2 and CHA 2 DS 2 VASc scores). To our knowledge, it is the first time that GFR was applied to refine the CHADS 2 and CHA 2 DS 2 VASc scores, and GFR-based schemes -R 2(GFR) CHADS 2 and R 2(GFR) CHA 2 DS 2 VASc -were testified to be superior to original versions in the risk stratification of Chinese older patients with AF.
